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Key indicators: single-crystal X-ray study; T = 296 K; mean cr(C-C) = 0.005 A; 
R factor = 0.057; wR factor = 0.175; data-to-parameter ratio = 13.2. 

The asymmetric unit of the title compound, C 17 H 2 oClN2 + -- 
C 6 H 2 N 3 0 7 H 2 0, contains a piperazin-l-ium cation, a picrate 
anion and one solvent water molecule. The piperazene ring is 
protonated at one N atom and adopts a highly distorted chair 
conformation with the chloropheny(phenyl)methyl substi- 
tuent on the second N atom in an equatorial position. The 
crystal structure is stabilized by O— H- • -O, N— H- ■ O and 
C— H- ■ O hydrogen bonds. 

Related literature 

For the biological activity of 1-benzylpiperazine, see: Camp- 
bell et al. (1973). For related structures, see: Jasinski et al. 
(2011); Song et al. (2012). For bond-length data, see: Allen et 
al. (1987). 
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Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SJ5246). 




0 2 N O 




0 2 N 



b = 8.2997 (8) A 
c = 28.528 (3) A 
/3 = 93.029 (1)° 
V = 4999.3 (8) A 3 
Z = 8 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 
7mm = 0.949, r maI = 0.985 

Refinement 

R[F 2 > 2a(F 2 )] = 0.057 

wR(F 2 ) = 0.175 

5 = 1.04 

4417 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
jtt = 0.21 mm -1 
T = 296 K 

0.25 x 0.22 x 0.07 mm 



12567 measured reflections 
4417 independent reflections 
2996 reflections with / > 2cr(/) 
R iM = 0.026 



334 parameters 

H-atom parameters constrained 
Ap max = 0.63 e A~ 3 
A/Omin = -0.46 e A~ 3 
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Experimental 

Crystal data 

C 17 H 20 ClN 2 + -C 6 H 2 N 3 O 7 ~H 2 O Monoclinic, C2/V 

M r = 533.92 a = 21.144 (2) A 
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4-[(4-Chlorophenyl)(phenyl)methyl]piperazin-1 -ium picrate monohydrate 

Yanxi Song, C. S. Chidan Kumar, S. Chandraju, S. Naveen and Hongqi Li 

Comment 

1-Benzylpiperazine was originally synthesized as a potential anthelmintic (Campbell et al, 1973) and its derivatives were 
found to possess excellent pharmacological activities. These include vasodilator, hypotensive and antiviral activity, the 
ability to increase cerebral blood flow and broad pharmacological action on central nervous system. In the course of our 
studies on the salts of piperazines (Jasinski et al, 2011; Song et al, 2012) and in view of the importance of piperazines, 
the paper reports the crystal and molecular structure of the title piperazin-l-ium salt. 

The molecular structure and atom numbering scheme of the title compound are shown in Fig 1 . In the title compound, 
the piperazine group is protonated at the N2 atom and adopts a highly distorted chair conformation with puckering 
parameters Q, 6 and (p having values of 0.595 (3) °, 6.4 (3) ° and 342 (3) °, respectively. For an ideal chair conformation, 
8 has a value of 0 or 180°. The bond lengths (Allen et al, 1987) and bond angles are in good agreement with standard 
values. The crystal structure is stabilized by intermolecular 0-H--0, N-H-0 and C-H--0 hydrogen bonds. 

Experimental 

l-((4-Chlorophenyl)(phenyl)methyl)piperazine (2.88 g, 0.01 mol) and picric acid (2.99 g, 0.01 mol) were dissolved 
separately in methanol. Both the solutions were mixed together and stirred for a few minutes at room temperature. The 
precipitate was collected by filtration and purified by recrystallization from methanol. On recrystallization with DMF 
after 15 days, good quality single crystals were obtained by the slow evaporation method. (M.P.: 441-445 K). 

Refinement 

H atoms were placed at idealized positions and allowed to ride on their parent atoms with C — H distances in the range 
0.92-0.98 A and N— H = 0.86 A; £/ iso (H) values were set equal to 1 .2U eq (carrier atom). 

Computing details 

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT (Bruker, 2005); data reduction: SA INT (Bruker, 2005); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 
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Figure 1 

A view of the title compound with the atom numbering scheme. Displacement ellipsoids for non-H atoms are drawn at 
the 50% probability level. 

4-[(4-Chlorophenyl)(phenyl)methyl]piperazin-1-ium 2,4,6-trinitrophenolate monohydrate 

Crystal data 

C i7H2oClN 2 + -C6H 2 N3(V-H20 F(000) = 2224 

M T = 533.92 D % = 1.419 MgnT 3 

Monoclinic, C2/c Melting point = 441^145 K 

Hall symbol: -C 2yc Mo Ka radiation, 1 = 0.7 1 073 A 

a = 2 1 . 144 (2) A Cell parameters from 25 14 reflections 

6 = 8.2997 (8) A (9 = 2.3-21.0° 

c = 28.528 (3) A fi = 0.21 mm" 1 

R = 93.029 (1)° T=296K 

V = 4999.3 (8) A 3 Block, yellow 

Z=8 0.25 x 0.22 x 0.07 mm 



Data collection 



BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
f and a> scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 



7^ = 0.949,7^ 



0.985 



12567 measured reflections 
44 1 7 independent reflections 
2996 reflections with 7 > 2o(I) 
R mt = 0.026 

$max 25. 1 , Omjn 2.3 

h = -25^20 
1 = -31-^33 



Refinement 

Refinement on F 1 

Least-squares matrix: full 

RIF 1 > 2f7(7^)] = 0.057 

M'7?(7^) = 0.175 

5= 1.04 

4417 reflections 

334 parameters 



0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 
neighbouring sites 
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H-atom parameters constrained (A/cr) max < 0.001 

w = ll^F 2 ) + (0.0837F) 2 + 4.3115P] A/w = 0.63 e A" 3 

where P = {F 2 + 2F 2 )/3 Ap mm = -0.46 e A~ 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional ^-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a{F 1 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 1 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A 2 ) 
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A A/1 /I T\ 

0.0483 (13) 


0.03ZV (11) 


A AAA*7 /1 A\ 
0.000 / (10) 


A AA*7A /A\ 
0.00 /y (V) 


A AAAA /A\ 
0.000V (V) 


XT'") 

JNz 


0.06ZO (16) 


0.06j3 (lo) 


A (\AH A / 1 /I \ 

0.04 /4 (14) 


A A 1 O /I / 1 1 \ 

— 0.01Z4 (13) 


A AOA/I 1 \ 

0.0z04 (11) 


A AAAA /1 '^^ 

— 0.00V0 (lz) 


XT1 

JN j 


0.0 Id (z) 


0.0 /3V (lo) 


A ACOC /1 C\ 

0.0jZ3 (1j) 


A A 1 "70 (A C\ 

—0.01 /Z (1 J) 


A AOA*7 /1 A\ 

0.0z0/ (14) 


A A 1 £.H / 1 1 \ 

—0.016 / (13) 


XT /I 

JN4 


A AC 1 *7 /1 A\ 

O.Oj 1 / (16) 


0.0/53 (lo) 


A ACOO (A £.\ 

O.OjVV (16) 


A AAT2 /1 lA 
— 0.00Z3 (13) 


A AAOO /1 lA 

O.OOoz (13) 


AA10/1 /" 1 y| \ 

— (J.U 1 (14) 


XTC 


A AQ1 /OA 
0.083 (Z) 


A A/i CO" ( 1 OA 

O.Ooj / (lo) 


A A/1 1 A /1 /I \ 

0.0430 (14) 


A A 1 A 1 i \ £\ 
— 0.01V1 (16) 


A AAC 1 /1 A\ 

0.00M (14) 


A AA/1 T /11\ 

—0.0043 (13) 


Ol 


A ATA*7 (A C\ 

0.0/0/ (!:>) 


A AO"OA /1 C\ 

0.0 /oO (lZ>) 


A AC 1 o n o\ 
O.Oj lo (lz) 


A AOO/1 (A 1\ 

— 0.0ZV4 (lz) 


A A1 £C /1 A^ 

0.016j (10) 


A AAAA ( '1 A\ 

—0.0060 (10) 


Uz 


A 1 1 A \ 

0.1 10 (z) 


A 1 CT 

0.1 J / (3) 


0.134 (3) 


A AAO 

— 0.06o (Z) 


A AQA f1\ 

O.OoO (z) 


A AO/1 /'OA 

— 0.0o4 (Z) 


Uj 




\J. I 1 O ^ 


U.UDOZ ^1 O^ 


VJ.UI7 ^z ^ 


n 01 7^ 

U.Ul / O ^-IH-^ 


—o 0608 n 


04 


0.0640(15) 


0.1024(19) 


0.0827(16) 


-0.0237 (14) 


0.0053 (12) 


-0.0275 (15) 


05 


0.0620(15) 


0.131 (2) 


0.0809 (17) 


-0.0089(15) 


0.0277 (13) 


-0.0341 (16) 


06 


0.142 (3) 


0.0651 (15) 


0.0704(16) 


-0.0023 (16) 


0.0001 (16) 


-0.0268 (13) 


07 


0.0768 (18) 


0.135 (2) 


0.0642 (16) 


-0.0288 (17) 


-0.0021 (13) 


-0.0199(15) 


01W 


0.0735 (17) 


0.0920 (19) 


0.133 (2) 


-0.0152(14) 


0.0024(16) 


-0.0241 (17) 



Geometric parameters (A, °) 


CI— C6 


1.356 (6) 


C15— H15B 


0.9700 


CI— C2 


1.376 (5) 


CI 6— N2 


1.479 (4) 


CI— Cll 


1.740 (4) 


C16— C17 


1.497 (4) 


C2— C3 


1.384 (5) 


C16— H16A 


0.9700 


C2— H2 


0.9300 


C16— H16B 


0.9700 


C3— C4 


1.382 (4) 


C17— Nl 


1.463 (3) 


C3— H3 


0.9300 


C17— H17A 


0.9700 


C4— C5 


1.379(4) 


C17— H17B 


0.9700 


C4— C7 


1.511 (4) 


C18— 01 


1.244 (3) 


C5— C6 


1.386 (5) 


C18— C19 


1.444 (4) 


C5— H5 


0.9300 


CI 8— C23 


1.449 (4) 


C6— H6 


0.9300 


CI 9— C20 


1.360 (4) 


C7— Nl 


1.474 (3) 


CI 9— N3 


1.449 (4) 


C7— C8 


1.534 (4) 


C20— C21 


1.381 (4) 


C7— H7 


0.9800 


C20— H20 


0.9300 


C8— C13 


1.378 (4) 


C21— C22 


1.397 (4) 


C8— C9 


1.381 (4) 


C21— N4 


1.433 (4) 


C9— CIO 


1.384 (4) 


C22— C23 


1.352 (4) 


C9— H9 


0.9300 


C22— H22 


0.9300 


CIO— Cll 


1.372 (5) 


C23— N5 


1.459(4) 


CIO— H10 


0.9300 


N2— H2A 


0.9000 


Cll— C12 


1.364 (5) 


N2— H2B 


0.9000 


Cll— Hll 


0.9300 


N3— 03 


1.202 (3) 


C12— C13 


1.380 (4) 


N3— 02 


1.217(4) 


C12— H12 


0.9300 


N4— 05 


1.223 (3) 


C13— H13 


0.9300 


N4— 04 


1.226 (3) 


C14— Nl 


1.471 (3) 


N5— 06 


1.219(4) 


C14— C15 


1.510(4) 


N5— 07 


1.220(4) 
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C14— H14A 0.9700 

C14— H14B 0.9700 

CI 5— N2 1.481 (4) 

C15— H15A 0.9700 

C6— CI— C2 121.6(3) 

C6— CI— Cll 120.2(4) 

C2— CI— Cll 118.2(4) 

CI— C2— C3 118.7(4) 

CI— C2— H2 120.6 

C3— C2— H2 120.6 

C4— C3— C2 121.0(3) 

C4— C3— H3 119.5 

C2— C3— H3 119.5 

C5— C4— C3 118.5(3) 

C5— C4— C7 120.9 (3) 

C3— C4— C7 120.6 (3) 

C4— C5— C6 121.0(4) 

C4— C5— H5 119.5 

C6— C5— H5 119.5 

CI— C6— C5 119.2(4) 

CI— C6— H6 120.4 

C5— C6— H6 120.4 

Nl— C7— C4 111.4(2) 

Nl— C7— C8 111.3(2) 

C4— C7— C8 108.5 (2) 

Nl— C7— H7 108.6 

C4— C7— H7 108.6 

C8— C7— H7 108.6 

C13— C8— C9 118.6(3) 

C13— C8— C7 122.8 (2) 

C9— C8— C7 118.5(3) 

C8— C9— CIO 120.0 (3) 

C8— C9— H9 120.0 

CIO— C9— H9 120.0 

Cll— CIO— C9 120.9(3) 

Cll— CIO— H10 119.5 

C9— CIO— H10 119.5 

C12— Cll— CIO 119.1(3) 

C12— Cll— Hll 120.5 

CIO— Cll— Hll 120.5 

Cll— C12— C13 120.6(3) 

Cll— C12— H12 119.7 

C13— C12— H12 119.7 

C8— C13— C12 120.8 (3) 

C8— C13— H13 119.6 

C12— C13— H13 119.6 

Nl— C14— C15 110.2(2) 

Nl— C14— H14A 109.6 



01W— H1WA 0.8501 

01W— H1WA 0.8501 

01W— H1WB 0.8502 

H15A— C15— H15B 108.0 

N2— C16— C17 110.2(2) 

N2— CI 6— H16A 109.6 

CI 7— CI 6— H16A 109.6 

N2— C16— H16B 109.6 

C17— C16— H16B 109.6 

H16A— C16— H16B 108.1 

Nl— C17— C16 109.9(2) 

Nl— C17— H17A 109.7 

CI 6— CI 7— H17A 109.7 

Nl— C17— H17B 109.7 

C16— C17— H17B 109.7 

H17A— C17— H17B 108.2 

01— C18— C19 126.1 (3) 

01— C18— C23 122.4(2) 
CI 9— CI 8— C23 111.4(2) 
C20— C19— C18 123.9(2) 
C20— CI 9— N3 116.2(2) 
C18— C19— N3 119.9(3) 
C19— C20— C21 120.2 (2) 
C19— C20— H20 119.9 
C21— C20— H20 119.9 
C20— C21— C22 120.4(3) 
C20— C21— N4 120.1 (2) 
C22— C21— N4 119.5(2) 
C23— C22— C21 118.6(2) 
C23— C22— H22 120.7 
C21— C22— H22 120.7 
C22— C23— C18 125.4(2) 
C22— C23— N5 116.8(2) 
C18— C23— N5 117.7(3) 
C17— Nl— C14 107.3 (2) 
C17— Nl— C7 111.5(2) 
C14— Nl— C7 111.4(2) 
CI 6— N2— CI 5 110.5(2) 
C16— N2— H2A 109.5 
CI 5 — N2 — H2A 109.5 
C16— N2— H2B 109.5 
CI 5 — N2 — H2B 109.5 
H2A— N2— H2B 108.1 
03— N3— 02 120.7 (3) 
03— N3— C19 119.5(3) 

02— N3— C19 119.1(3) 
05— N4— 04 122.8 (3) 
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pi f /"< 1 /I T T 1 A A 

L 1 5 — C 1 4 — H 1 4 A 


109.6 


(J 5 — N4 — C21 




1 1 O C /">\ 

llo.5 (3) 


\T1 P1 /t TT1 A I~"> 

Nl — C14 — H14B 


109.6 


/i XT/1 

04 — N4 — C2 1 




1 1 O "7 

118.7 (2) 


C15 — C14 — H14B 


1 AH f 

109.6 


c\r \tc ah 

06 — N5 — 07 




124.4 (3) 




1 08 1 
IVJo. 1 


UO IN J LZj 




117 7 rtl 
11/./ 


N2— CI 5— C14 


111.0 (2) 


07— N5— C23 




117.8(3) 


N2— CI 5— HI 5 A 


109.4 


HIWA— OIW- 


-HIWA 


0.0 


C14— C15— H15A 


109.4 


HIWA— OIW- 


-HIWB 


111.4 


N2— C15— H15B 


109.4 


HIWA— OIW- 


-HIWB 


111.4 


C14— C15— H15B 


109.4 








Hydrogen-bond geometry (A, °) 


D—R-A 


D — H 


H-v4 


D-A 


D—R-A 


N2— UIA-OIW 


0.90 


2.03 


2.850 (4) 


151 


N2— H2S-01 11 


0.90 


1.96 


2.819(3) 


160 


N2— H2S-02" 


0.90 


2.42 


3.017(4) 


124 


01 W— HI WA-0\ 


0.85 


1.97 


2.805 (3) 


168 


C16— H165-05 ffi 


0.97 


2.34 


3.166 (4) 


143 



Symmetry codes: (i) -x+3/2, -y+l/2, -z+1; (ii) x,y, z-1; (iii) -x+2, -y+l, -z+1. 
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